Homogenates of mung bean cotyledons were subjected to equilibrium density centrifugation on linear sucrose gradients and the positions of the various organelies determined by assay of marker enzymes. Measurement of phospholipid distribution on such gradients showed that the major peak of phospholipid at a density of 1.11 to 1.13 grams per cubic centimeter coincided with the position of the endoplasmic reticulum (ER), confirming ultrastructural evidence that storage parenchyma cells are rich in ER. Germination and seedling growth were accompanied by a rapid decline in ER-associated phospholipid but a marked increase in the ER marker enzyme NADH cytochrome c reductase. Similar experiments with developing seeds indicated that the amount of ER-associated phospholipid increases during cotyledon expansion reaching a maximum during seed maturation. There was no subsequent decline during seed desiccation, instead ER-associated phospholipid levels were maintained in the dry seed until germination when catabolism was initiated 12 to 24 hours after the start of imbibition. This timing indicates that the observed ER breakdown is not an expression of the overall senescence of the cotyledons, but may represent the dismantling of the extensive rough ER used for reserve protein synthesis during cotyledon development.
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Previous work aimed at elucidating the control mechanisms involved in the catabolism ofreserve proteins in legume cotyledons has shown that in mung beans mobilization is dependent on the de novo synthesis of the proteinase vicilin peptidohydrolase (8, 9) ; immunocytochemical evidence shows that the enzyme is present in cytoplasmic organelles before it accumulates in the protein bodies (2) . We have postulated that the RER may be the site of synthesis and/or transport of this proteinase, and are currently examining changes in the ER which occur during germination and seedling growth. We are studying synthesis, catabolism, morphological changes and enzyme content of the ER and seek to relate our findings to the process of reserve protein mobilization.
Biochemical observations (14) indicated that cotyledons are capable of phospholipid synthesis early during germination and that these new phospholipids become associated with the ER. However, phospholipid catabolism exceeds synthesis resulting in a net phospholipid decline in the cotyledons. We now report that this decline is a reflection of the rapid decrease in the amount of ER in the cotyledons, possibly the extensive ER which functioned during seed maturation in the synthesis of reserve protein. Preliminary morphological observations (13) show that seedling growth is accompanied by a decline in the amount of tubular ER in the cotyledons.
MATERIALS AND METHODS
Plant Material. Seeds of Vigna radiata L. Wilczek, cv. Berken were purchased from W. Atlee Burpee Co., Riverside, Cal. For seed germination studies, seeds were germinated and grown in the dark as previously described (9) . For seed development studies seeds were planted in a soil mixture (5) and grown in a greenhouse under natural light conditions in La Jolla during June and July. Flowers were tagged when they appeared, to facilitate later sampling of the pods.
Homogenization and Sucrose Density Centrifugation. Cotyledons were harvested at appropriate times, testas and axes removed, and rinsed in water. Routinely, 12 cotyledons were homogenized with a mortar and pestle in 2.6 ml ice-cold 12% (w/w) sucrose containing 50 mM Tris-HCl (pH 7.5), 1 mm EDTA, and 0.1 or 3.0 mM MgCl2. The homogenate was centrifuged at 500g, 2 min to remove starch, nuclei, and cell wall debris. The supernatant was loaded on a linear sucrose gradient (14-50o or 14-65% w/w sucrose in the above medium) and centrifuged at 150,000g, 3 h, 4 C, using a SW41 rotor in a Beckman L3-50 ultracentrifuge (Beckman Instruments, Palo Alto, Cal.). Gradients were formed and fractionated using a Buchler Auto Densi-flow IIC gradient apparatus (Buchler Instruments, Fort Lee, N.J.).
Preparation of Protein Body Limiting Membranes. Thirty 3-day-old cotyledons were gently homogenized (to reduce protein body rupture) with a mortar and pestle in 7.5 ml 14% sucrose, 50 mM Tris-HCl (pH 7.5), 1 mM EDTA, and 0.1 mM iMgCl2. The homogenate was filtered through two layers of Miracloth and loaded on a linear sucrose gradient (16-65%, w/w, in the above medium), and centrifuged at 95,000g for 1 h using a SW 27.1 rotor. The turbid band at 1.28-1.30 g cm-3 was removed with a pasteur pipette and diluted with water to a final concentration of 12% w/w sucrose. This material was vortexed for 3 min and loaded on a second gradient (16-65%, w/w, sucrose, 10 mM Tris [pH 7.5]) and centrifuged 150,000g, 1 h using a SW 41 rotor.
Enzyme Assays. p-Nitrophenyl-a-D-mannosidase as assayed as previously described (9) . NADH Cyt c reductase and inosine diphosphatase (IDPase) were assayed as described by Bowles and Kauss (6) . Phosphoryl choline:glyceride transferase was determined by the method of Johnson and Kende (16) . Preparation of reduced Cyt c and assay of Cyt oxidase was by the method of Sottocasa et al. (24) . Catalase was determined as described by Beers and Sizer (3).
Other assays. Lipids were extracted from gradient fractions as described by Folch et aL (12) and assayed for phosphorus after digestion in 72% HC104 by the method of Bartlett (1) . Chlorophyll was estimated from its absorption at 665 nm after extraction with 2:1 (v/v) chloroform-methanol.
RESULTS
The appearance of a linear 14-65% (w/w) sucrose gradient after centrifuging a 5OOg supernatant fraction of a cotyledon homogenate is shown in Figure IA (Fig. lA) .
The distribution of phospholipids on gradients (Fig. IA) shows a major peak at 1.11-1.13 g.cm3 with smaller peaks at 1.17-1.19 and 1.28-1.29 g.cm3. The coincident distribution of the major peak with that of NADH Cyt c reductase suggests that the ER accounts for the bulk of the phospholipid in the cotyledon cells. This view is supported by the results shown in Figure 3 . With 1 mM EDTA and 0.1 mm MgCl2 present in the homogenization and gradient media, NADH Cyt c reductase and phospholipid are coincident at a density of 1.12-1.13 g.cm3; also coincident is the peak of phosphoryl choline:glyceride transferase, an exclusive ER marker in castor bean endosperm (18) . Increasing the concentration of Mg2+ to 3.0 mm results in the "shift" in density of both the enzyme activities and the major phospholipid peak to a density of 1.16 gcm Figure 4 documents the distribution of phospholipid on sucrose gradients during seedling growth; although continuing to be associated with the ER, the level of phospholipid in this major peak seedling growth does not result from the disappearance of inhibiting factors (data not shown).
In order to relate these ER-associated events seen during seedling growth to the process of cotyledon maturation, organelles have also been fractionated from developing cotyledons (Fig. 5) Figure 6 documents the amounts of ER-associated phospholipid in the cotyledons at various stages of seed development and germination. The dry weight:fresh weight ratio is included as an index of seed maturity. As seeds accumulate dry matter during development, ER-associated phospholipid shows a linear increase (Fig. 6a) . During maturation and desiccation (30 days after flowering) the amount of phospholipid levels off and remains at this level in the dry seed (35-40 days after flowering). During germination and seedling growth the rapid catabolism of ER phospholipid is observed (Fig. 6b) . The high level of NADH Cyt c reductase activity expressed during seedling growth far exceeds the activity detectable during seed development which is equivalent to that seen in the newly imbibed cotyledons. DISCUSSION Organelles derived from mung bean cotyledons at various stages of seed development and seedling growth have been resolved on sucrose gradients and shown to exhibit sedimentation properties typical of organelles from a variety of plant tissues (23 (Fig. 3) , catalase (data not shown), or sedimentable IDPase activity from developing cotyledons (Fig. 2) Our previous studies (14) have shown that seedling growth is accompanied by a decline in the levels of phospholipids in the cotyledons. Evidence presented here attributes this decline to a catabolism of the phospholipids of the ER, confirming a similar observation for Phaseolus vulgaris (19) . The significance of this observation has been clarified by an examination of ER phospholipid levels during seed development. The data in Figure 6 suggests that the ER which functions during seed development is not catabolized during desiccation; instead it is preserved in the dry seed until the onset of germination, at which point rapid breakdown is initiated. The timing of the initiation of this breakdown indicates that it is not a reflection of over-all cotyledon senescence as suggested by McKersie and Thompson (19) . We hypothesize that it may represent the dismantling of the extensive rough ER which functions in reserve protein biosynthesis during cotyledon development. These biochemical data are in agreement with morphological descriptions of the ER in legume cotyledons. Early work showed that cotyledon expansion is accompanied by an increase in the amount of rough ER cisternae (7, 22) . A recent study of Vicia faba (15) using thick sections to visualize the ER shows it to consist of an interconnecting array of cisternal and tubular elements in developing cotyledons. During the period of storage protein deposition there is an apparent proliferation of these forms followed by a conversion of the cisternae to a reticular configuration during seed desiccation. The tubular and cisternal forms of ER are also present in the cotyledons of mung beans imbibed for 24 h. Seedling growth is accompanied by an apparent increase in ER cisternae and a decrease in the extensive tubular form (Harris and Chrispeels, in preparation). This contrasts with the situation in other seeds; in castor bean endosperm (17, 26) and wheat aleurone tissue (10) there is very little ER at the beginning of germination but it increases markedly during early seedling growth. We postulate that the observed decline in ER-associated phospholipid in mung bean cotyledons during seedling growth is a reflection of this decrease in the tubular form of ER.
The presence of phospholipid synthesizing enzymes in the cotyledons (14) , their association with the ER (Fig. 3 ) and the accumulation of labeled phospholipid precursors by the ER during germination (14) suggest that, in addition, the ER present in the mature seed functions as a basis for the synthesis of additional ER components during seedling growth. The large increase in NADH Cyt c reductase may be a reflection of this process. The extensive ER breakdown concurrent with this synthesis would result in the observed net decline in ER-associated phospholipids in the cotyledons. The observed decline in ER-associated phospholipids occurring at the same time as the increase in NADH-Cyt c reductase indicates that the amount of this enzyme is not always a good measure for the amount of ER.
How such simultaneous ER catabolism and synthesis is regulated in the cotyledons remains to be elucidated. Recent evidence indicates that the protein bodies contain phospholipase D and acid phosphatase, enzymes capable of degrading membrane-associated phospholipids. We have suggested that this organelle constitutes a lytic compartment where membrane material may be sequestered by a process involving autophagy (25) . 
